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3 GHz>30 GHz✔]#h¦o§¨/) !O*345\"&¦o§
¨/#i.#$%E:&'()#³O*33✔J✧L530 GHz





-645V ✔/=50>75 GHz?W ✔/=75>110 GHz?D✔/=110>170
GHz?r-645
✔✤✤✔8./
Name Frequency Wave length
✦✔9✵:>✦✣✔9✵: ✤✣✣✔9;>✤✣✔9;VLF (Very Low Frequency)
✦✣✔9✵:>✦✣✣✔9✵: ✤✣✔9;>✤✔9;LF (Low Frequency)
✦✣✣✔9✵:>✦✔✵: ✤✔9;>✤✣✣✔;MF (Medium Frequency)
✦✔✵:>✦✣✔✵: ✤✣✣✔;>✤✣✔;HF (High Frequency)
✦✣✔✵:>✦✣✣✔✵: ✤✣✔;>✤✔;VHF (Very High Frequency)
✦✣✣✔✵:>✦✔✴✵: ✤✔;>✤✣✣✔;;UHF (UltraHigh Frequency)
✦✔✴✵:>✦✣✔✴✵: ✤✣✣✔;;>✤✣✔;;SHF (SuperHigh Frequency, Microwave)
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 ✤✣>✤U ✳ ✬✣>✤✧✣
✷ ✤✥✧>✤✫ ✱ ✤✤✣>✤✪✣
J ✤U>✥✥ ✴ ✤✧✣>✥✥✣
K ✤✫>✥✩U ❀ ✤✪✣>✥✩✣










































Äb4ËÌÊ#✔60 10±  GHz ✔✔15 dB km/ ✔ÍÎ/²ËÌxENO&








ÅÆf4ËÌÊ#✔22 5.  GHz183 3.  GHz325 2.  GHz✔ÏÐ&\ËÌxE
NO645120 GHz ✔rCµ4./#Äb¤%2Êh.r65
ÅÆf'Î#3-h,-h%2l464\æªª<«¬eÂÃ
#áâEÎÏ:45å✔✤✤✔#ÅÆf'ÎE✔7 5 3. / g m ✔7ðr&*345
å✔✤✤✔8%fÊ(.✔J✤L
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r94 GHz ✔UVKCDN'✔✵✯✻✔3CD✔−3 5.  dBm ✔'✔s✬t
G✔✥✔IJKLMN'✔✷❑Q❉S❋❑Q❉✔uv108 GHz ✔✔ +0 92.  dBm✔+Kwx
%&'✔s✥t
*/y✵✯✻✔bI&Iz{K|N'✔✵✲a✻✔92 GHz ✔















-✔−88 dBc Hz/ ✔!K'VW4592 GHz ✔✔✵✲✻✔ ✔ −68 2.
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Im G GL R+( ) = 0 ✔✜✤✦✢✔
YQ










































































































³*å✔✤✬✔✔A ✔yrX&*.✔ f ✔[4À¤¥r?Yæ45
A ✔YP©rÝ\)2oeze#✔G WL = -100 ✔:45
A ✔YPªrÝ\)2oeze#
✔✜✤✬✢✔YP✔G WR R R= =






























s-&74 GHz>78 GHz✔✔+7 dBm ✔À¾¿ru\ÇE:4✔J✦✦L5^\
✤✔✔✵✲✻✔$Árs-&94 GHz ✔✔ +2 dBm✔À¾¿ru\Ç¤:4
✔J✤✤L5³PÃï ÛÀÁ2✔✵✯✻✔ÀÁ¾¿r✔✧✔ÄÅ&\ü✔✵✲✻✔$
Á$&95 2.  GHz ✔✔+10 dBm✔¾¿rP5&*34ÇE:4✔J✦✧L5


















✳❊❆c❅✔✲❇❇❆❄❏✔✻❍❂in❊n❏h❍o✔5 GHz ✔%✔21 W= 43 2.  dBmp8qrQR

















































































































































































































































✔625 mm ✔B 
✔✥Õø✔Aìíîzpq)✔✧✔Jõ✔✴❂✮j✔cåæ!çè
Kstp✔10 cmTDQ✔625 mmN



















(Graded collector: 40 nm)
n+GaAs (Subcollector: 700 nm)
4-inch semi-insulating GaAs substrate
























n-GaAs  (Collector: 110 nm)
✔✥Õ✪✔A✔✵✯✻T✶✔THI!ô^
f4DQ✔1 mm ✔!✔✮❑✔!1✔✤✔!7891✔✥✔!! !
– 32 –















✔✵✯✻✔KtTFG,-(#✔1 10  mµ µm × ✵✯✻✔`#
2 200  mµ µm × ✔	/





xyz-I¤¥3.✔VBE ✔p✔1 35. £1 50.  V ✔B VBE ✔!l33©6±ë
 T✯Ú✻✔(ª!n6«$BoT?­8½*¬­®
)DB 
Ó✔✴❂✮j✔✵✯✻✔!¯°3.✔BVCBO ✔p✔8 0.  VT BVCEO ✔p✔8 5.  V ✔B A





²3!=>()*✔Ta O2 5✔?@)*7oTl✔ 0 93
2
. / fF mm ✔B ´µ













¾Î#)✔✵✯✻✔p✔50 GHz ✔B½ Q@óØÙ8R
§ ^CA(T²✔300 GHz✔ 
✥✧✤01





fT ✔ ¡¢À!33✔h21✔✔ 0 dB ✔($)T✮✱✔ÂT
kJìûÃyûw~Tí¡¥w~¦TÄ"#<w~ÅÆ
ÇÈÉ<#=>B fT ✔!ãÊËÌÍÍ✔✜✥Õ✤✢✔B✔s✤✧u 
fT = 12pt ✔✜✥Õ✤✢✔
Î)Tt ✔f4ÏBoT
t t t t t
t t
= + + +


















B AATt ee ✔A ¡Ð3Tt b✔Axyz®ÐTt c ✔AI¤¥®
ÐTt cc ✔AI¤¥Ð3Tk ✔AÑûÒÓJ×$TT ✔ASn6T q ✔A3Ô
fT IC✔AI¤¥33TCbe ✔Axyz- ¡TRe✔A ¡HIT Rc
AI¤¥HITCbc ✔Axyz-I¤¥TB 
fmax✔OM­®3ÕK❂jÜà✛j✔❑à❊Ý❂❏❆❍❂Ý✔❈❂❊àNGU ✔✔ 0 dB ✔($
)T	
T ØkTJì¦T$Ä"#w~ÅÆ








Î)T Rb ✔AxyzHIB 
✥✧✥6789:;<#$4=>?@	AB	

Í✔✜✥Õ✥✢✔!✔t bTt c ✔789TÍ✔✜✥Õ✦✢✔!✔ Rb ✔ÙØG%û^&©-
B AAA!lbQ[*<C­ÌÂ*ØÙ 
✜✤✢CD#$
CDEÇÈÉ!✔ In Ga Asx x1- ✔T✶à✔(✔✴❂✔!Ú]g✔ x ✔78)*J%¡
ì!ëA( A!²¤Û@)*ïðZ_^(T
✔✥Õ✬✔k8Rxyz{|!J%¡ì ¡ÜÁI¤¥Ü®
Á½*ÝÞßA( Ó✔✵✯✻✔✔✶à✔!gà✔0 %✔Á✔10 %✔
CQ[*J%¡ìß* 
J%¡ì!CáT¯È"!óI¤¥Ü8Rïð

















X: 0.0 -> 0.1 






b)*✔ fT ✔ )Á)TRb ✔±Í)*✔ fmax✔ó 
xyz!Dë*Î#)✔✵✯✻✔!✔ fT ✔(✔ fmax✔!l;✔✥Õ✤✔k  ¡
kl✔2 2 10.   m mm m¥ ✔BoTz✔V VCE = 3 0.  T I mAC = 20 ✔() 
	
✔ fmax✔A(?) )½*Txy
z!D✔50 nm ✔^ 
;✔✥Õ✤✔AïðZ_^xyz!D(✔ fTT fmax✔!«
Base 30 nm 50 nm 70 nm
fT 75 GHz 72 GHz 65 GHz






I¤¥!D^l©ª I¤¥C(✔t c ✔b
T)Á)TCbc ✔OoTt cc ✔!±Í£✔ fmax✔!óÂ)DB 
Tz3.Si.ó 
I¤¥!Dë*Î#)✔✵✯✻✔!✔ fT ✔(✔ fmax✔!l;✔✥Õ✥✔k  ¡
kl✔2 10  m mm m¥ ✔BoTz✔V VCE = 3 0.  T I mAC = 20 ✔() 
Î#)NoI¤¥!DÂ*T fT ✔(✔ fmax✔½ 
Î)TD✔600 nm ✔Á✔150 nm✔ä(✔ fT ✔!l✔55 GHz ✔½A
(S)T	





Collector 150 nm 350 nm 600 nm
fT 105 GHz 60 GHz 50 GHz
fmax 102 GHz 90 GHz 86 GHz
✥✧✦HI)*JK>?@	AB	










 ¡✔1 0.  mm ✔() A! Ììíîzë×ìí´
! ÌB xyz- ¡!¥¦zW¡u!îïð6!NB
0 2.  mm ✔() 
 xyz3ò!óô✔Cbc ✔¡õJö)* A!\·T




fT ✔(✔ fmax✔!ñl✔✽	✮✔8✔ S ✔uúy!ñ×\·Á ¡¢À!
33✔h21✔(òóWûôJ✔GU ✔Æõ)*KA( h21✔£✔GU
!ÆõÍ✔✦Õ✦✔k 
 ¡kl✔1 0 5 0. .  m mm m¥ ✔!✔✵✯✻✔I¤¥¢Àñ)(!\·
✔✥Õ✤✤✔k z✔V VCE = 2 1.  T I mAC = 13 2.  ✔() 
ö÷Q*✔✽	✮✔ñ×$!N✔110 GHz ✔BoTÓ✔✵✯✻✔!
²A!N2ë* }mÐ6*8R✔6 dB oct/ ✔!ïº)

















f   = 160 GHz































































Q*✔ J kA cmC = 100
2








































à✔0 %✔Á✔10 %✔CQ[✔✶à✴❂✷✔xyz!ïðZ_T50 nm ✔!xyz
DT150 nm✔!I¤¥DT1 0.  mm ✔! ¡T0 2.  mm ✔!xyz- ¡





















































































45 MHz50 GHz ✔
VWD	Ðæ%)✔✵✷✔✫ð✤✪✯*ñò8%)






















































@ABC$YZ✔✔✤✫✔»@A*DVBE ✔'✔10 mVJ-30 dBmU
ëwx[\









































S S S S S S S S S SU
=
-
+ - - - - -
21 12
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GU ✔'✔0 dB ✔#op´Ìnop´✔ fmax✔Cd$ fmax✔'VWop´
¸#¥¦✔GU ✔
ÎÏæ✔6 dB oct/ ✔
D¤%*






Ë✔ h e21 ✔
ä✔✜✦ß✥✢✔»()¶ÉD#✔✤✪$
h S
S S S Se
e
e e e e
21
21





-( ) +( ) + ✔✜✦ß✥✢✔
h e21 ✔'✔0 dB ✔#op´op´✔ fT ✔Cd$ fT ✔'VWop´¸#¥
¦✔h e21 ✔
ÎÏæ✔6 dB oct/ ✔
D¤%*

































































v Z a b
















































































S S S S








c c c c








11 21 12 22























+ - - + -
























































S S S S







c c c c







11 21 12 22





























+ - - + -





























S S S S
S S S Se
c c c c
c c c c
21
12 21 11 22




-( ) - -( ) +( )




✔S ✔qrs34-B✔ h e21 ✔É"#¥¦
h6»,*
h
S S S S S S
S S S S S Se
b b b b b b
b b b b b b
21
11 12 21 22 11 22




+ + - +( ) - -





























































































































































11 21 12 22









S S S S









c c c c









- - + -
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c c c c





11 21 12 22














- - + -






















✔c ✔✔ e ✔"#?DÓä'56D#$
S S S S S S S S S
S S S S S S S Se
c c c c c c c c
c c c c c c c c
11
11 12 21 12 21 22 11 22
11 12 21 12 21 22 11 22
1 3 2 2
5 2 2
=
- - + + - - +
- + + + - - +
✔✜✦ß✤ð✢✔
S
S S S S S S S
S S S S S S S Se
c c c c c c c
c c c c c c c c
12
11 12 12 21 22 11 22




- + + - - +( )
- + + + - - +
✔✜✦ß✤✩✢✔
S
S S S S S S S
S S S S S S S Se
c c c c c c c
c c c c c c c c
21
11 21 12 21 22 11 22




- + + - - +( )
- + + + - - +
✔✜✦ß✤✪✢✔
S S S S S S S S S
S S S S S S S Se
c c c c c c c c
c c c c c c c c
22
11 12 21 12 21 22 11 22
11 12 21 12 21 22 11 22
1 2 2 3
5 2 2
=
- - - + - -












✔b ✔✔ e ✔"#?DÓä'56D#$
S S S S S S S S S
S S S S S S S Se
b b b b b b b b
b b b b b b b b
11
11 12 21 12 21 22 11 22
11 12 21 12 21 22 11 22
1 3 2 2
5 2 2
=
- - - + - -
- - + + - + +
✔✜✦ß✤✬✢✔
S
S S S S S S S
S S S S S S S Se
b b b b b b b
b b b b b b b b
12
11 12 12 21 22 11 22




- - + - + +( )
- - + + - + +
✔✜✦ß✥✣✢✔
S
S S S S S S S
S S S S S S S Se
b b b b b b b
b b b b b b b b
21
11 21 12 21 22 11 22




- - + - + +( )
- - + + - + +
✔✜✦ß✥✤✢✔
– 55 –
S S S S S S S S S
S S S S S S S Se
b b b b b b b b
b b b b b b b b
22
11 12 21 12 21 22 11 22
11 12 21 12 21 22 11 22
1 2 2 3
5 2 2
=
- - + + - - +




























































✔✻✲✴✔D£*å0æ4ºi✔1 10 m  m m¥ m*ef*VCE = 3 0.






ü¾3¾✔1 0. * S21✔✔ S12 ✔












































































Ú£(&^Û]✔9 0.  fF ✔(&$







 ¡-B✔ fT ✔✔ fmax✔qe&^Û*å0æ4çu
✻✲✴✔
V-B* fT = 50✔GHz* f GHzmax = 101 *2è4çu✔✻✲✴✔
V

























f   = 50 GHz























f  = 46 GHz








































































































ÅÒFG<%)*w3×2è4ØÙ✔cbc ✔✔9 fF*å0æ4[zè4[✔ le
✔13 pH ✔îC%)¢%)C#$
56%&✔✵✯✻✔
å0æ4ºi✔1 10  m mm m¥ ✔Dm#$*V VCE = 1 7.  ö



















qrs34 Ø  |§
g É÷[zè4[m 0.70 S




r 2è4üýc 17.8 W







c w3×2è4sGØÙbc 8.5 fF
c 2è4×å0æ4sGØÙce 11.5 fF
l w3[zè4[b 2.2 pH












V ¡ù3þ*/0123/Z[ ¡óD¢%&$ S11 ✔✔S22 ✔
ü¾3
¾✔1 0. * S21✔✔ S12 ✔
ü¾3¾@©@✔10 0. ✔✔ 0 5. ✔Dm#$
VWop´"✔1 GHz50 GHz ✔✔ 75 GHz110 GHz ✔Dm#$S11 ✔✔ S12 ✔	
eB@#VW














VWop´A✔1 GHz50 GHz*75 GHz110 GHz*
A✔V VCE = 1 7.  * I mAC = 18 *




























































































































































































C w3×å0æ4ØÙBE 12.5 fF
C 2è4×å0æ4ØÙCE 11.9 fF
L w3[zè4[BB 2.1 pH




























Ë✔1 02.  V



























































1 1.1 1.2 1.3 1.4
I   measured
I   simulated
I   measured





























































éê✔✦ß✤ð✔¢"$✰✷✾✔&]✔99 9. % *7b✔635 mm ✔
¾08ï9¹






þ4Ïëg©:;t	-B*er = 10 0. * tan .d = 0 0001*7
t m= 1 5.  m *Ë✔COND S m= ¥42 106 / ✔%&$/0123/Z[ ¡V ¡










































































































































































































































































































































ºi✔2 60a m=  m *2 140b m=  m *2 640c m≥  m *¿»✔2 30a m=  m *







ºi«"#½¾✔2 140b m=  m ✔6
½¾*TS
ºi«"#








✔✜✦ß✦✤✢✔✔2 140b m=  m ✔6
½¾qrs34
¢"$
9:[y3z[✔Z0 ✔✔50 W ✔W%&$^
©ª*V-Bü0æ	0




















Z0 50 W[ ] = ✔✜✦ß✥✫✢✔
L m Physical line length   m[ ] = ( ) ✔✜✦ß✥✬✢✔
ereff f GHz= ◊ [ ] +0 0115 5 85. . ✔✜✦ß✦✣✢✔





physical line length f GHz=
( )[ ]


















f GHzS W / /log . .[ ] =
◊ ◊ [ ]
◊
= ◊ [ ] -2
20





























75 80 85 90 95 100 105 110
L = 466 µm























75 80 85 90 95 100 105 110
L = 466 µm























J2 140b m=  m ✔6
½¾U J2 140b m=  m ✔6
½¾U








































2 70b m=  m ✔
✔✰✷✾✔«"#	UW´
V ¡/0123/Z[ ¡




ereff f GHz= - ◊ [ ] +0 00159 6 57. . ✔✜✦ß✦✧✢✔




















75 80 85 90 95 100 105 110
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Z jZ lshort stub_ tan= 0 b ✔✜✦ß✦✪✢✔
#$&%* Z0 ✔Añòó8
9:[y3z[*b ✔A§ÉW´* l ✔Añòó
8­*Dm#$ñòó8­✔ l ✔'✔l / 4✔»,ÏC/Z34û5:
ýè4






Z jZ lopen stub_ cot= - 0 b ✔✜✦ß✦✫✢✔
#$ñòó8­✔ l ✔'✔l / 4✔»,ÏC3Î[4ûØÙ:
ýè4[













ºi»()'¸#$"nv*2 140b m=  m ✔6½¾*
L ms = 35 7.  m ✔Dm,*2 70b m=  m ✔6½¾*L ms = 10 5.  m ✔Dm#$
– 77 –
3Î[4û




C&e*2 140b m=  m ✔6½¾
ê6¹%&$óñòó8­✔L mO = 29 0.  m
Dm#$
Z0 = 50 W
L = LS R = 1.30 W
Z0 = 50 W




















¸&$"nv*2 140b m=  m ✔6
½¾✔L mT1 137 9= .  m * L mT 2 87 5= .  m ✔D
m,*2 70b m=  m ✔6
½¾✔L mT1 61 1= .  m * L mT 2 55 0= .  m ✔Dm#$
;}½¾✔✻✔}½¾Ó©ª»,; óDc*dc ó
%&$2 140b m=  m ✔6
½¾✔L mX = 44 4.  m ✔Dm,* 2 70b m=  m ✔6
½¾






Z0 = 45 W"
L = LT2
Z0 = 45 W"
L = LT2
Z0 = 151 W"
L = LT1
Z0 = 148 W"
L = LX
Z0 = 148 W"
L = LX
Z0 = 148 W"
L = LX


























































































































































































|NOìªlPæ¸QD¡✔v1 ✔Tw:K✔ v1 ✔D¡¢
£¤D¥¦¢£D¡89JRSTé%nél✔gm ✔Ma
!D¥I✔ i new1
T:K(✔ i new1 ✔(✔ i1✔ôoª«EF✔Gloop✔(ÕU:Gloop✔Ó








Cut here and 





















dB Gloop( ) ≥ [ ]0 dB ✔✜✧✥✢✔
phase Gloop( ) = °[ ]0 ✔✜✧✦✢✔
 k ✔	T ✔q ✔ !" IC✔#$%&
'()*+ i1 v1Gloop✔,-!.'()
/0123456789:;<()*=>?@ABCD1EFGH&
IJKL&IMN<OPQ&&R✔ i1✔JSP()1✔ i1✔13T,✔ IC✔U6RU





vloop = ≅1 138 7. ✔✜✧✧✢✔
Uu()
vw12341:;,3Tjk'(e✔✜✧✥✢✔Mxro✔3 dB ✔1^y	JUz































I iC ± ≥1 0 ✔✜✧~	✢✔
v














































:ìªlUV✔rbìªlPT.n&uc0✔ cm ✔5©ª✔ fT ✔(@
✔ fmax✔¨Õ:
































✔✵✯✻✔1·§ªkI,v:! rb = 10 W
r
p
= 300 W c pF
p
= 1 0.   c fF
m
= 80 ✔(:KkIæ¸®%5








+( ) = +( ) @2 2 57p p
p m p m















T.n&'/é$ª%él✔ zc ✔(ìªl&'/é$ª%él✔ zb ✔













dB G v dBloop( ) = ◊ ( ) = [ ]20 38 7 31log .  ✔✜✧~✬✢✔
!8
v mV1 36 5@ [ ].  ✔✜✧~✤✣✢✔
(!:!;<aªé5✔3 dB ✔!W>?
– 90 –
h|NOìªlPæ¸QD¡VÄ✔37 mV ✔89:D¡✔ v1 ✔
ÓR5✔0 ∞✔89K(ýþa
KkD¡ìn2oíÀÛ:

















◊ @ + [ ]1 2 0 12 5 731 . .  ✔✜✧~✤✤✢✔























 i fc v
m m m
p= ◊2 ✔89:





p i vi i1 1 1= ◊ ✔✜✧~✤✥✢✔
89:
UV\ìªlUV✔rb ✔(æ¸/é$ª%él✔ ze ✔UV\a!b:êP
J pi1 ✔✔rb ✔8p¶HkD?✔ prb ✔Ì	*>?D?✔ pout ✔(!:v
– 91 –
p p p i v r i
i v r i i
i v r i c v
I v r i fc v
v v
out i rb i b b
i b
i b
C i b i
i
= - = ◊ - ◊
= ◊ - ◊ -
= ◊ - ◊ +( )
@ ◊ - ◊ + ◊( )


























1 10 1 59 2 69 11 2
( )
@ ¥ ◊ - ◊ -( ) +{ } [ ]- . . .  
✔✜✧~✤✦✢✔
(688 vi1✔V5✔2 69.  V ✔(@A>?✔11 2.  mW!
10 5.  dBm ✔5Fk:
D¡ìn2o✔vi1✔5ÕPK(]JÍ
✔ vm im ib ✔✔✦✔êìn2o5
ÕP:T.nD¥ìn2o✔ ic ✔✔ im ✔(✔ i1✔­(a
ÕP:HìªlD
¥✔ ib ✔(ìªlUVI✔ rb = 10 W✔✔ vrb✔ìn2o5ÕP:





























































































































(!:!9oª«EF✔dB Gloop( ) ✔(✔ f ✔,v(>?







































































(>?ãäDdB G dBloop( ) = 2 
oª«EF✔0 dB ✔«¸2Ã.5°Û-üÏ8

































ëüìn2o]JT.n✔ j40 3.  Wìªl✔ j33 5.  Wæ¸
























































































50 2 25 10
3 00 10















































































































































✻ú❋úûú❈❖ ✰úûû❆❄❏ú❍✔ú❑❏❋❑❏ ✯❂❆✔ú❑❏❋❑❏ ✲❊❏❏❆❍✔ú❑❏❋❑❏
✶✰ ✩~✣✔✮ ✩~✣✔✮ ✩~✣✔✮








































































"#✔142 GHz ✔	✔Gloop✔ÓR✔ 0 0.  ∞✔89:K(Gloop✔













































dB(G    ) = 2.0 [dB]loop
Output = -0.5 [dBm]






























































b:ù/1lc0✔✤✔ê®%✔100 100  m mm m¥ 





















89:Kk1¸Ü®%Xkk✔60 60  m mm m¥ ✔89:





















































75 GHz ✔8✔1 03.  dB110 GHz ✔8✔1 28.  dB✔(bI89:✽Ë✮✔
Õ






















]zHG[ 67 09 301 611 031 241
tuptuodetalumiS
]mBd[ 0.5+ 5.2+ 6.3+ 9.2+ 3.1+ 5.0-
L1 ]mµ[ 8.301 4.821 8.69 3.97 9.56 1.05
L2 ]mµ[ 2.651 2.18 9.06 3.34 0.23 8.82
L3 ]mµ[ 0.504 3.453 0.513 5.382 7.752 2.632





]zHG[ 7.77 1.09 1.001 3.011 0.021 5.031
tuptuodetalumiS
]mBd[ 7.1- 3.4- 6.2- 7.2- 1.3- 7.8-
derusaeM
ycneuqerfnoitallicsO
]zHG[ 8.47 3.19 4.401 4.811 2.431 7.641
tuptuoderusaeM
]mBd[ 6.0- 7.1- 4.3- 9.7- 4.01- 4.81-
esionesahpBSS
]zHM1@zH/cBd[ 79- 98- 59- 38- 27- 56-
IC ]Am[ 4.42 7.6 5.22 0.12 1.21 4.31
V EC ]V[ 3.5 5.2 0.3 5.2 7.2 0.2

I✔74 8.  GHz146 7.  GHz✔89✔	✤✔✩✥:ÉxPQ¯
8ù/ª·2·él]✔146 7.  GHz✔ôJÏJRS@
89:í✔✧~✤✦✔✔146 7.  GHz✔lmn2oñ:K

















í✔✧~✤✦✔D✔146 7.  GHz✔lmn2o
RBW MHz= 2 15.  VBW kHz= 100 


















































MÁ75 GHz ✔"t8Ä✔6 dB✔Û140 GHz ✔"t8Ä✔18 dB✔b:
Aåæç.ªåèé8✔100 GHz ✔udP8ôõÁçdb)*5Fk:












oª«EF✔3 0.  dB✔(a
"#atu»v:K(|N




✔1 4.  V ✔
	
  !
"#✔0 5. % ✔"$%&'()*+!,-.!
1400 0 5
100
7× = [ ].  mV ✔✜✧1✥✧✢✔
4&56 "78!9:;✔v1 ✔& "4
<=>=:)!?@ABCDEF✔✜✧1✧✢✔-G!
dB G dBloop( ) = ⋅ ⋅ −( ) ×{ } ≅ [ ]−20 38 7 36 5 7 0 10 1 153log . . . .  ✔✜✧1✥H✢✔
















































































































































JX(I✔1 MHz ✔_78✔ -67 dBc Hz/ ✔89✔✤✣:KkFa
g
✔✵✯✻✔8✔91 3.  GHz ✔8✔ -89 dBc Hz/ ✔(bIW✔104.4 GHz

































































aOÕ✔74 8.  GHz146 7.  GHz✔8
aKkFï>?✔-0 6.  dBm-18 4.  dBm✺✺✯✔ÓRgh✔1 MHz ✔_
78✔-97 dBc Hz/ -65 dBc Hz/ ✔89:"#(Þ✔5 GHz
ë|89:KIFa
✔3 5. % ✔ë|GHbI89JVW(
!!bud89:>?ù/ª·✳✲✻✔ò"VhRS@c
Ò|s89:✺✺✯✔ÓRghù/ª·8RS@cÒ89J100 GHz














HI✔✵✯✻✔✔100 GHz ✔GJKLMC	NOKPQ✔ -3 dBm
	R/ST'UV#JPWMXYZ[JU2\]^_	
C	`a>bS✔✶✱✔1#e✔-3 dBm ✔fghOU2\]ij





























































































2 200/  ✔	
XJ✥✔NOU8ÕW✔✥✔JP°J	✥✔qr
100 W ✔stö5✔50 W ✔stJLCaH½NOh³ÕþÕ
	9:þluvÀÁ5L5·ÙNOhOÇX✔V Wo



























































































































































































# ✔100 GHz ✔H½✔✦✔J	¾¿'(✔✤✔J






H½ L5 L6 L7✔lLJu=	U8	¾¿2ã
)UV'ø5G	5·Ù L5✔@VU	f¿5	
v> ✔L5✔✔l / 2✔ku5	✔200 GHz ✔	
✔ fmax✔✔170 GHz ✔✔✵✯✻✔á?	WM200 GHz ✔
	)¯5L¢aJþä'
5L



















































RBW kHz= 300 VBW kHz= 300 ÂÂÃ✔42 4.  dB ✔ÆÇÈ
 ✔105 9.  GHz✔)NOhO✔ +0 6.  dBm✔WhO½Æ
5LHIÖ4✔104 4.  GHz ✔✔ -3 4.  dBm✔	9:✥✔ÌhO
½Æ	NOhO✔4.0 dB✔a[&'X✔3 0.  dB✔P)Éu
¨CLX	=»R2L.ÊË;Å=>Z[JÌ
×C	X	
!æ/HýÑ)NO✔1 16 2. / mW mm ✔WXhO½
Æ5LHIX✔1 14 2. / mW mm ✔É(ÕÁ)&Í5Ç6hO
½Æu=ML	




ÐÑu=ML	✔✵✯✻✔°Ù\ v{X✔94 GHz ✔
	✔k✬m ¡a	✔105 9.  GHz✔\MK)Z[J
{L ML	F✵✲ª✻✔56✔✳✲✻✔ÂÄ
MÓMY100 GHz ✔+ G\hO½Æ	äåSUæç
ÐÑ`»:¸JLMÔëÐÑ✔k✫m✔vÕ	
-✔✥✔{hO½Æ	✔✷❑c❉e❋❑c❉✔NO ✔108 GHz
NO✔0 92.  dBmýþ✔1 MHz ✔Î✔ -88 dBc Hz/ ✔ÐÑ`✔k✥m✔	
✔✷❑c❉e❋❑c❉✔w	 NOýþ
É(Õö	9✷❑c❉e❋❑c❉✔!æ/ï✔2 2 1 3.  .  mm mm¥



















✳❍❆ã❑❆Ú❄❖ ✬✧✔✴✵ä ✤✣✫✔✴✵ä ✤✣✧✧✔✴✵ä ✤✣✬✔✴✵ä
å❑❏❋❑❏ e✦✔❅✯¥ æ✣✬✥✔❅✯¥ e✦✧✔❅✯¥ æ✣✩✔❅✯¥
✰❉❊❋✔c❊ä❆ ✥✣ç✤✔¥¥✥ ✥✥ç✤✦✔¥¥✥ ✣✫ç✣✔¥¥✥ ✤✤ç✣✬✔¥¥✥
å❑❏❋❑❏✔❋❆❍✔
❄❉❊❋✔❂❍❆❂








































+1 8.  dB✔)ýþ✔0 0.  ∞✔5ML	✔✫✔Ì
NO'ø✔✴✱✔JUV'øC¦'/û¯¨Cuýþýþ





























dB (G     )
  = 1.8 [dB]
Phase (G     )













































#2✔59 5.  W✔✔l / 4✔»#$'r#2✔ L28 ✔	✔✜✤✬✢✔JP)✔ N3
✔70 7.  W✔stmn		u:J✔ N3✔JÖ4»#$'r
#2✔84.1 W ✔✔l / 4✔»#$'r#2✔ L30 ✔	ÕJP)100 W
– 130 –
stmn			J¾¿j=>Q5Q6 ✔9:Æ	
Y✔100 W ✔stmn	=:yòJNO'ø✔50 W
mnCJÕþu=M	
XJ✔Q3Q4✔9:Æ	✔Q5Q6 ✔9:Æ	þJ5	H½NO
'ø{J✔✴✱✔JUV'øu=	Cl / 4✔Î=✔ N3✔9:NO










# ✔100 GHz ✔H½✔✬✔J	¾¿'(✔✦✔J
ij{Ö4✔ f GHzT = 190  f GHzmax = 240 >õh²6


































Z0 = 59.5 W
Z0 = 59.5 W
Z0 = 84.1 W


































✰✷✾✔©ª[✔✦Q✤✩✔06O«ª$4¬2 30 0a m= .  µ 2 70b m=  µ ✔:;
+2/6¦CG)§¨)-✔59 5.  Ω✔✔✰✷✾✔©ª✔2 20 4a m= .  µ 
2 70b m=  µ 	✔84.1 Ω ✔©ª2 7 2a m= .  µ 2 70b m=  µ ✔062D­®¦
CG)§¨)$¯°6YZ:±✔✴³✱µ✴³✱✔¶·$B¸062
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!æ/e» Q=ü=✔1 02 0 87. .  mm mm¥ ✔✔ 0 86 0 43. .  mm mm¥ ✔	
✔✤✤✔zÌ✔✥✔©	 ✔✤✥✔zÌ✔✤✔©	










V VCE = 2 0.  
 I mAC = 10 ✔HIJ>KL*




bG✔+3 0.  dBm✔'QR*cUdZeU
Sb]G✔100 GHz ✔f!
ghZijk-l@✔✵✯✻✔	6mn[\]'QZ*
olpqrsQUbG✔1 08 2. / mW mm ✔'QU
tNOPf!gh
Z✔✷❑w❉y❋❑w❉✔✔^✥ `aU✔ 2 5. ✔|}\b~\Y*MGTMO
9Z




epyT elgniS lauD elpurdauQ
derusaeM
noitallicsO
ycneuqerf zHG4.401 zHG9.501 zHG4.79
tuptuO mBd2.3- mBd4.0- mBd0.3+
ezispihC 9.0 × mm4.0 2 0.1 × mm9.0 2 3.2 × mm8.0 2
reptuptuO
aerapihc mm/Wm33.1
2 mm/Wm10.1 2 mm/Wm80.1 2
noitalumislangisllamS mBd3.2+ mBd8.6+ mBd1.8+

















RBW kHz= 215 VBW kHz= 300 ÂÂÃ✔51.3 dB ✔ÆÇÈ
Ì✔✥✔©	Ì✔✤✔©	JLMYÕyÂ
9ÃÄ✔✵✯✻✔J99	=»R2XÌ✔✧✔©	H½Õy
J5	P°JMÖ4Q=ü=✔100 4.  GHz100 5.  GHz
-0 4.  dBm-3 2.  dBm✔NO¯Ì NO
Ub·q'UV#%ÈYÄM✔✤✧✔J%ÈUb·q'UV#











































✔105 9.  GHzNOhO✔+0 6.  dBm!æ/HýÑ)NO✔1 16.
mW mm/ 2✺✺✯✔ýþ✔1 MHz ✔Î✔ -88 dBc Hz/ ✔5	%È¯
ýþ¼hO½ÆyI@éÑ¾¿Y✔✦✔+
ÌNOhO½ÆC	L°kS	✔✧✔Ì©	h
O½ÆÚijý ✔97 4. GHzNOhO✔+3 0. dBm
!æ/HýÑ)NO✔1 08 2. / mW mm ✺✺✯✔ýþ✔1 MHz ✔Î
✔-89 dBc Hz/ ✔5	%È¯




i)°	µ)ÕGõJK§	✔+3 0.  dBm✔NO✔✵✯✻✔M
v{X	FEo£¤ÄMYë'[✔k✧✤m✔k✫m+ìJ
100 GHz ✔G\hO½ÆÚäåSUæçÐÑ`5L
A?@ÍhO½ÆÚ# ✔100 GHz ✔
Mij$WC ìÌu=ML	✔✵✯✻✔
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 v{X✔94 GHz ✔P){LXWýhO½
ÆJP	{NO@✔100 GHz ✔GP){L JLLMY&'$ßà5
 !ÀÁ5LJ y"#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1^~	45. ¡;<e✔ f GHzT = 160 .6!"
;<e✔ f GHzmax = 300 ✔:6;<}B'2¢*+D.£¤¥¦§¨©
'ª«Uh¬j­®©y¦¯A1.°w±²³´µ£¶'·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'456¬+ßÍ. In Ga Asx x1− ✔✔ In✔1✔Ga✔✔ x ✔'✔ 0 0. k
0 1. ✔XÕhp1X2¢*+°w¼¨îÕ.°wÈ
1°w y¼w!"­'#$*-✔50 nm ✔	*+
t¼©¼¨î.t¼©È1äy¼w!"­'#$*-✔150 nm
	*+
i¸1°w^i¸ñ'✔1 0.  µm ✔	%¬-~*+p
&&máÇ	³¢UhXÛ&&Xgh+
°w1t¼©^°wê²	¸Ùu''(	-~*+
¸Ùu')2Øæ9°w£¤ñ✔0 8.  µm ✔Xgh+










?@:;	A*-. AlGaAs ✔45áÇ9✔ InGaP✔'i¸ÜÝ1*-BC*




T Ca = °125 .t¼©Mi¸£ä✔V VCE = 3 5.  .£¶Nò✔ J kA cmC = 50 2 / ✔1*+
























































3 5. % ✔éêÛÕ9 ¸b+p;<e°rstm¹9hp1	4b-Ñ<
hºò Xg5.ó;<e»Å*-h1¼h+
³ÆÇ;<e!"#!"78✔−0 6.  dBmk−18 4.  dBm✔Xgb+p	Ö
 ½!";<e	-É¨vw®ï.✳✲✻✔ï'¾VE.ÊË6¿q Xg
h+
~✔✺✺✯✔P ✔1 MHz ✔ÀÁX✔ −97 dBc Hz/ k−65 dBc Hz/ ✔Xgb+p	
Ö É¨vw®ïXÊË6¿q Xg5.✳✲✻✔ï!"#X]ÂÕ	-

















!";<em✔105 9.  GHz.78£8m✔+0 6.  dBm.Ù¸ÏP²Úg5!"7
8m✔1 16. ✔mW mm/ 2✔1[23´Ó'Z+p!"#!";<eÇ¥X!±
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Õ	-h✔✵✯✻✔!"#
<!";<e6 ✔94 GHz ✔456+78£8
~<;<efX!"Uh£8µÍ'*9!"#7845ÑÒ✔4 0.  dB ✔6Å.£
8µÍØÓm?¬Ö	+ ✔3 0.  dB✔45ÐÑ`¾ Xghp_3.
É¨¥IJÒq3ÇÓ°'#$U	ÔY3	ÕX¾h Xgh+Ù¸
ÏP²Úg5!"78 .!"#1Ö×~<78;<e1!"78'C







!";<em✔97.4 GHz.78£8m✔+3 0.  dBm.Ù¸ÏP²Úg5!"7
8m✔1 08 2. / mW mm ✔1[23´Ó'Z+p!"#!";<eÇ¥X!±
Õ	-h✔✵✯✻✔!"#
<!";<e6 ✔94 GHz ✔456+78£8
~<;<efX!"Uh~rstu£8µÍ'*9Ïø!"#784
5ÑÒ✔6.2 dB ✔6Å.Ö×Ý5	£8µÍØÓm?¬Ö	+9.pf






;<ef	-ÑæMFGæ9R+'<9+146 7.  GHz✔!";<e
X✔−18 4.  dBm✔!"78'Z2Hæá21.✧✔K!"¥ðÖÍh£8µÍe!
"#!"78mÏø!"#!"7845Ò✔6 dB✔6ðb2Hæá2ðÖ.
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✔  ✼❄❉❊❅❂✔ ✻ ✻❃❂❍❊✔ ✵
❂❏❑❑❍❂✔  ❃❂❖❂❉❊✔ ✮ ❊❑❍❂✔ ✻ ❀❂❊❉❂❍❂✔ ✺ ❃❂❖❂❉❊✔ 
❀❂❂❂❂✔ ✺ 6❂✔ ✻ ✳❑❊❏❂✔ ✮ =❂❂❊❂✔ ✱ ❑❍❂❏❂✔ ❂❅ 
❍❊❑❍❂✔ ✖✵❊❈❉,❋❆❆❅ ✮✱✰ ✺❖❏❆ 9❊❏❉ ✵✯✻ ❇❍ ❆❂❑❍❊❈
✶❏❍❑❆❏ ✮❋❋"❊❄❂❏❊,✖✔✰❋❑❏❆❍ ✺❏❂❅❂❍❅ ✚ ✶❏❆❍❇❂❄❆✔)" ✥✥
 ✥✔❋❋ ✤✥✤,✤✦✬✔✥✣✣✣
: ✤✣ ❆❊ ✼❄❉❊❅❂✔ ✵❊❍❖❑❊ ❂❏❑❑❍❂✔ ✻❑❖❉❊ ❀❂❊❉❂❍❂✔ ✺❉❊❊
❃❂❖❂❉❊✔ ✺❂❅❂❉❂❍❑ 6❂✔ ✻❂❅❂❉❊❈❆ ✳❑❊❏❂ ❂❅ ✮❊❍❂ ❊❑❍❂✔ ✖✮
✷9❆❍ ✰❃❊❆❅ ✾,✯❂❅ ✵✯✻ 6❄❊""❂❏❍,✖✔ ✶✲✲✲ ✶❏❆❍❂❏❊❂"
❊❄❍9❂)❆ ✺❖❋❊❑ ✱❊❈❆❏✔❋❋ 0✤,0✧✔✥✣✣✣
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: ✤✤ ❆❊ ✼❄❉❊❅❂✔ ✵❊❍❖❑❊ ❂❏❑❑❍❂✔ ✻❑❖❉❊ ❀❂❊❉❂❍❂✔ ✺❉❊❊
❃❂❖❂❉❊✔ ✺❂❅❂❉❂❍❑ 6❂✔ ✻❂❅❂❉❊❈❆ ✳❑❊❏❂✔ ❂❅ ✮❊❍❂ ❊❑❍❂✔ ✖✮
✺❆❍❊❆ ❇ ✶✴❂✷!✶✴❂✮ ✵✯✻ 6❄❊""❂❏❍ ❑❋ ❏ ✱,✯❂❅,✖✔ ✶✲✲✲
✻❍❂❂❄❏❊  ❊❄❍9❂)❆ ✻❉❆❍❖ ❂❅ ✻❆❄❉❊?❑❆✔)" ✧✬✔ 0✔❋❋
✫0✫,✫✩0✔✥✣✣✤
: ✤✥ @ABC✔DEFG✔HIJK✔LMNC✔OPC✔QARS✔TEU✔VWX
YZ[\]^_` 100 GHz  abcdefghijk ✵✯✻ Z[lm✔bn
opqNrstuv ✰✔)" w✫✧,✰✔ ✪✔❋❋ 0✬✤,0✬✫✔✥✣✣✤
✤✦ ✮ ❂❆✔  6❉❂❉❊✔ ✮ ❀❂❂❏✔ ✵ =❆❈❊❉❊✔ = 6❖❂❂✔ ❀
=❂❈❂❖❂❂✔  ❂9❂❉❂❏❂✔  ✾❂❏❂❃❆✔  ❊5❑✔ ✵ ❂❏❑❑❍❂✔ 
✼❄❉❊❅❂✔ ❂❅ ✮ ❊❑❍❂✔ "✮❋❋"❊❄❂❏❊ ❇ ❊""❊❆❏❆❍,9❂)❆ ✶❂❈❊❈
✺❖❏❆ ❏ x✵✱,✖✔✹❆)❊❆9 ❇ ✺❄❊❆❏❊❇❊❄ ✶❏❍❑❆❏✔)" ✪✥✔ ✤✔❋❋
✦✪0,✦✪✫✔✥✣✣✤
✤✧ ✮ ❂❆✔✵ =❆❈❊❉❊✔= 6❖❂❂✔ ✾❂❏❂❃❆✔ ❊5❑✔❀ =❂❈❂❖❂❂
 ❂9❂❉❂❏❂✔✵ ❂❏❑❑❍❂✔ ✼❄❉❊❅❂✔✮ ❊❑❍❂✔✻ ✻❂❂✔❂❅✔
❀❂❏❑✔ "✲✰✲,❊❂❈❊❈ 9❍  ✴✮✮ ✤✣ ❂❅ x✵✱,✖✔ ✳❑❊
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¨©m✔ ✷❍❆❋❍❊❏ ❇ ❏❉❆ ✥✦❍❅ ✶✺✰✶✲ ✺❖❋❊❑ 
✺❏❄❉❂❏❊❄ ✺❖❏❆ ✻❉❆❍❖ ❂❅ ✶❏ ✮❋❋❍❊❄❂❊✔❋❋ ✪0,✪✫✔✤✬✬✤
✦ ª«¬✔@ABC✔DEFG✔V­®L  ¯x✰ °±m✔bnopqNrs
²³s✔❋ ✥,0✤✩✔✤✬✬✦
✧ ✻❑❏❑ ✻❃❂❍❊✔ ✵❂❍❑ ❃❂❖❂❉❊✔ ❆❊ ✼❄❉❊❅❂✔ ✵❊❍❖❑❊
❂❏❑❑❍❂✔❊❆ ❀❂❂❂❂✔✺❉❊❊ ❃❂❖❂❉❊✔✻❂❅❂❉❊❈❆ ✳❑❊❏❂✔❂❅
✮❊❍❂ ❊❑❍❂✔✖✻❍❂❄!✵"❅ ✰❊❍❄❑❊❏ 9❊❏❉ ✴❂✮ ✵✯✻,✖✔´✔µ¶i
·¸¹º»ki¼j½✔❋❋ ✤✥0,✤✦✣✔✤✬✬✩
0 ✵❂❍❑ ❃❂❖❂❉❊✔✻❉❊❖❂ ❊5❑❏❂✔❆❊ ✼❄❉❊❅❂✔✵❊❍❖❑❊ ❂❏❑❑❍❂
✮❊❍❂ ❊❑❍❂✔✻❑❖❉❊ ❀❂❊❉❂❍❂✔✺❂❅❂❉❂❍❑ 6❂✔❂❅ ✱❂❊❑❆ ❑❍❂❏❂
✖✵❊❈❉,✺❋❆❆❅ ✩,❃❊❏ ✮✱✰ ✼❊❈ ✺❊✴❆ ✵✯✻,✖✔ ✤✣ ✔µ¶i·¸
¹º»ki¼j½✔❋❋ ✥✧✬,✥0✧✔✤✬✬✫
✩ @ABC✔ DEFG✔ LM¾¿✔ VÀÁÂÃÁ½hÁÄYÅÆÇÈÉÊ
Ëm✔ ✤✤ ✔µ¶i·¸¹º»ki¼j½✔❋❋ ✧✤0,✧✥✣✔✤✬✬✫
✪ ✮ ❂❆✔✵ =❆❈❊❉❊✔= 6❖❂❂✔ ✾❂❏❂❃❆✔ ❊5❑✔❀ =❂❈❂❖❂❂
 ❂9❂❉❂❏❂✔✵ ❂❏❑❑❍❂✔ ✼❄❉❊❅❂✔✮ ❊❑❍❂✔✻ ✻❂❂✔❂❅ 
❀❂❏❑✔✖❊""❊❆❏❆❍,✾❂)❆  ✴✮✮ ✤✣ ❂❅ x✵✱,✖✔½ÀÌÍÎÏÐ_
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`ÑÒº»ki¼j½ÓÔ✔✤✬✬✬
✫ ✵ =❆❈❊❉❊✔✮ ❂❆✔= 6❖❂❂✔✵ ❂❏❑❑❍❂✔ ✼❄❉❊❅❂✔✮ ❊❑❍❂✔❀
=❂❈❂❖❂❂✔ ❂❅  ❂9❂❉❂❏❂✔ ✖✮ ✳❑""❖ "❊❏❉❊❄ ❊""❊❆❏❆❍,✾❂)❆
✱❆❏❆❄❏❍ ❇❍ ✷"❂❂ ✱❊❂❈❏❊❄,✖✔✻❉❆ ✥✧❏❉ ✶❏❆❍❂❏❊❂" ✰❇❆❍❆❄❆
 ✶❇❍❂❍❆❅ ❂❅ ❊""❊❆❏❆❍ ✾❂)❆ ✱❊❈❆❏✔✤✬✬✬
✬ LMNC✔ @ABC✔ ÕÖB×Ø✔ OPC✔QARS✔ÙIÚÛ✔HIJK




✤ ❆❊✔ ✼❄❉❊❅❂✔ ✵❊❍❖❑❊✔ ❂❏❑❑❍❂✔ ✻❑❖❉❊✔ ❀❂❊❉❂❍❂✔ ✺❉❊❊
❃❂❖❂❉❊✔❂❅✔✮❊❍❂✔❊❑❍❂✔✖✱❆)❆"❋❆❏✔❇✔✴❂✮✔✵✯✻✔❃❖✔✻❆❍❂❏❆❄
✰❍❋❍❂❏❊✖✔ ✰❋❑❅✔ ✺❆❊❄❅❑❄❏❍✔ )"✔ ✩✔ ✔ ✥✔ ❋❋✔ ✬✣,✬✦
✥✣✣✣
✥ ÙIÚÛ✔ LMNC✔OPC✔ QARS✔@ABC✔ ÕÖB×Ø✔êAëì
LÝíî✔ HIJK✔ DEFG✔ TEU✔ VÎÏâÜÝÞ✔✵✯✻✔YàZ¶á
âm✔✮=✱6✔æpïã¤ðñ✔)"✔✪✤✔❋❋✔✤✧,✥✤✔✥✣✣✤
✦ ✶❑❍ ✮❊✔✺❉❊❊ ❃❂❖❂❉❊✔✺❂❅❂❉❂❍❑ 6❂✔✻❂❅❂❉❊❈❆ ✳❑❊❏❂✔❆❊
✼❄❉❊❅❂✔❆❏❂❍ ✻❆5❑❂✔✵❊❅❆❊ ✻❂❆❅❂✔✵❊❍❏❉❊ ❅❂❂✔✻❑❖❉❊
❀❂❊❉❂❍❂✔ ✵❊❍❖❑❊ ❂❏❑❑❍❂✔ ❂❅ ✮❊❍❂ ❊❑❍❂✔ ✖✱❆)❆"❋❆❏ ❂❅
✮❋❋"❊❄❂❏❊ ❇ ✼"❏❍❂ ✵❊❈❉,✺❋❆❆❅ ✵✯✻ ❇❍ ❆❂❑❍❆❆❏,✖✔ ✮❅
✻❆❄❉❊❄❂" ✯❑""❆❏❊✔❋❋ 0✬,✩0✔=)❆❃❆❍✔✥✣✣✤
✧ @ABCòÙIÚÛòTEUò¸óôG¿òV 40 Gbps ✔ ãqNâ✔ ✵✯✻✔ f
õ»°YöÎmò✱❆❊❈✔✾❂)❆✔❂❈❂5❊❆ò✰✸✔øùúò❋❋✔✬✫,✤✣0ò
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